Abstract. The photometric behaviour of 21 Ap stars has been analyzed from observations obtained in the Geneva system. Variability has been detected for 9 Ap stars, as well as for a star which initially was a comparison star. Preliminary values for the periods are presented as well as an analytical description of the light curves.
Introduction
Short of spectrophotometric studies -which require extensive efforts and are currently unpractical and unthinkable at major observatories -intermediate-band photometry offers the best possibilities to characterize the light variations of Ap stars. Dedicated systems such as Maitzen's ∆a (Maitzen 1976) are certainly ideal since they offer direct measurement of physical parameters, but the Strömgren system has proven to be quite valuable in many studies (see, e.g., Vogt & Faundez 1979; . This is also the case of the Geneva system which combines wide and intermediate bands (see, e.g., North 1984; North & Adelman 1995) .
In this paper we present observations of 21 Ap stars, most of which were never studied for variations. About half of them show clear optical variations. We derived the periods -not always unambiguously -and determined analytical model of the light curves in 17 colours and indices.
The observational material
The material has been collected during a 23-night observing run at La Silla with the 70 cm telescope of the Geneva Observatory equipped with the standard Geneva photometer (Burnet & Rufener 1979) . Each star was observed about once per night in the seven-colour Geneva photometric system (U , B, V , B1, B2, V 1, G). Although the absolute photometry is of high quality, we observed Geneva standards as comparison or check stars in the vicinity of each programme stars.
Aside from the seven magnitudes we considered the usual color indices of the Geneva system. Moreover, we added the intermediate-band index B1 − V 1. Never used in Geneva photometry, this index is the only missing linear combination of "narrow"-band data. We included it because it displays the largest amplitude of variations for several stars.
Data relative to the programme stars are given in Table 1 . Comparison stars are also listed, as is the number of useful observations. The "Rns" number refers to the catalogue of Ap and Am stars by Renson et al. (1991) . One additional star, HD 190422 = HR 7674, had been observed as a comparison and found to be variable.
Analysis of the variations
Differential data were calculated only when the time interval between the measurements between the comparison(s) and the programme star was short enough, usually well under 15 minutes. It was found that the differential data consistently provided slightly cleaner light curves than the absolute data.
Ap stars are normally characterized by very regular periodic variations which can be fitted by simple Fourier series (see Manfroid & Renson 1994) Alternative values of the period are given in cases where it is not possible to choose between aliases. The range is the total amplitude of the analytical curve which shows the largest variations. It is immediately followed by the number i of that curve. S/N is the signal-to-noise ratio for the light curve where it is the largest, and is followed by the number j of that curve. It is the ratio of the total range divided by the standard deviation of the observation about the analytical curve 
where m is the magnitude, P the fundamental period, I the total number of harmonics, t the time and t 0 the origin of time.
A nice fit is generally obtained with two components, though a few stars are known to need 3 componentse.g., 52 Oph, 27G. Car, 25 Sex, α Scl (Manfroid & Renson 1994) and TW Col (Renson & Manfroid 1992a ) -or even 4 components as 46 Eri (Manfroid & Renson 1989 ) and VV Scl (Renson & Manfroid 1992b) .
In all cases where high-order series have been derived, the third-or fourth-order components are small and a large number of accurate measurements were necessary to bring them out. On the other hand, the fundamental and the first overtone are larger and often of comparable amplitudes. In those rare instances where variations can be adequately described with a single cosine, it is often the first overtone which dominates the fundamental, yielding a symmetrical double wave (see, e.g., HD 83366, Mathys et al. 1985) . These considerations show that a twocomponent series is well suited to analyze our data sets. The number of observations per free parameter in Eq. (1) is between 3 and 5, which is adequate.
The parameters of the light curve were obtained by a least-squares method. The value of the period itself was estimated through two usual methods: (1) by looking for the minimum of the chi-square merit function over a set of trial periods (see, e.g., Manfroid & Renson 1996; Manfroid & Mathys 1997) , and (2) by using the period-searching algorithm proposed by Renson (1978 Renson ( , 1980 . The final values were checked by visual inspection of the phase diagrams.
As expected from measurements taken every night at about the same hour the periodograms are strongly affected by aliasing phenomena. We found convenient to compare those periodograms with those of simulated data (1)). The error on each parameter is indicated in parentheses. σ is the scatter around the least-squares fit. r is the total range of the analytical light curve. S/N is the signal-to-noise ratio defined as the total range divided into the scatter. Similar tables for the other stars are available from the CDS archive HD 8717 P = 2. including a single periodic signal. Simulations were built for each of the suspected periods, and they were sampled exactly as the actual data. This provided a help for discarding spurious periods. There are nevertheless several stars for which we could not make unambiguous choice.
More than half the stars have shown clear variations within the time span of the observations. For nine stars, periodicities could be derived. The remaining stars have either too low an amplitude, or too long a period. Table 2 lists the periods obtained (with plausible aliases for some stars) as well as some major characteristics of the variations: (1) the total amplitude in the most variable of the 17 lightcurves, as derived from the analytical model, and (2) the ratio of the total amplitude divided by the standard deviation of the residuals in the magnitude or color index where this ratio is the largest. The latter quantity shows which of the 17 lightcurves is the cleanest. (Our coding of the Geneva magnitudes or indices is given in Table 3 ).
Beside these 9 stars, HD 9529, 187039, 187752, 191857 and 222561, showed signs of variability, but no definite period could be found.
The detailed tables containing all the parameters of the lightcurves are stored in digital form at the CDS. HD 8717 is presented in Table 4 as an example.
A few selected lightcurves are presented in Fig. 1 . All curves (17 × 9) are also to be found at the CDS.
Discussion
Although they are all standard of the Geneva system, we checked the absolute photometry of each comparison star in order to detect possible spurious phenomena. All were perfectly stable, with the exception of HD 190422, comparison star of HD 191439 and HD 192674, which was found to be slightly variable with a period of about 3 days. With a spectral type F8V, HD 190422 may be a small-amplitude cepheid. A more detailed analysis using additional data is being carried out.
The absolute data of HD 191439 and HD 192674 were analyzed instead of the differential ones. Variations could be detected in the former, with a period of three days, close to that of HD 190422. Because of this coincidence, a blind analysis of the differential data would not have raised any suspicion about the comparison. The period of HD 192674 is less clear. We favor the value P = 4. d 45.
Another coincidence jumps to the eyes. It was immediately apparent during the analysis that an uncomfortably large number of stars had similar periodograms, with peaks at the same positions (see Fig. 1 ). It is well known that the distribution of the periods of Ap stars has a maximum between 2 and 2.5 days, but it was hard to believe that three stars in such a small sample could have almost exactly the same period of 2.
d 16! We initially suspected some flaw in the measurement or reduction procedures. However, other stars measured in almost exactly the same conditions (comparisons, or nearby Ap stars) did not show the same behaviour. Moreover, the phase diagrams Fig. 1 ). Tick marks on the vertical axis are separated by 0.01 mag. The complete set of lightcurves is available at the CDS constructed with these periods were quite different for the various stars (see Fig. 2 ). We were then forced to admit the possibility of those coincidences. Aside from these three stars, a fourth one has a slightly longer one, and a fifth one has almost the double period. Looking at older data, we found that coincidences abound in Ap stars studies. In an earlier study of 56 stars, found three stars with a period within 0.
d 01 of 2. d 20 and two stars with the longer period 2.
d 23. Among the Ap stars classified as uncertain by Renson (1991) , HD 8717 shows Ap-like variations, which would confirm its status in this category.
The most uncertain cases in Table 2 HD 191439 and HD 200623 had already been observed by Vogt & Faundez (1979) . From four uvby measurements these authors could not recognize the variability of both stars.
Inspection of the lightcurves, and Table 2 , show that, despite the weaker signals, magnitudes and color indices involving narrow-band filters often provide cleaner light curves, a conclusion already reached from the comparison of Strömgren's and Johnson's photometries. In this respect, the neglected B1 − V 1 index proves to be interesting. We also note that the largest amplitudes often occur in the U band, which is a well-known characteristics of Ap stars.
